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Most of urban water infrastructure around the world were built several decades ago
and nowadays they are deteriorated. So, the assets that constitute these infrastructures
need to be rehabilitated. Since most of the assets are buried, water utilities face the
challenge of deciding how, where and when to rehabilitate. Condition assessment is a
vital component on plan rehabilitation actions and is mostly based on the data collected
from the managed networks. This collected data need to be put together in order to be
transformed into useful information. Nonetheless, the large amount of assets and data
involved makes data and information management a challenging task for water utilities,
especially in those with as lower digital maturity level. This paper highlights the importance
of data and information systems’ management for urban water infrastructure condition
assessment based on the authors’ experience.
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INTRODUCTION

Urban water infrastructures are constituted by a large variety of physical assets (e.g., tanks,
pumps, pipes). These assets deteriorate due to its natural aging processes and non-controlled
processes (e.g., pipe’s poor-quality production, external actions such as works) and, as a result,
need to be rehabilitated. Rehabilitation is thus the process of upgrading asset’s condition to its
“as-new” condition if practicable (WRc, 2001; IPWEA and NAMS, 2015). Therefore, it is vital
to assess the physical condition and functionality of urban water infrastructures, allowing the
estimation of the remaining service life and asset value (Feeney et al., 2009). Since urban water
infrastructures assets are mostly buried, the assessment of its condition must be based on reliable
pre-acquired information.

Over the last decades, water utilities have made significant investments in implementing
different information systems to address the increasing complexity of the daily control, operation,
management, and planning of their systems (Halfawy, 2008). Data is usually collected, stored,
managed, and analyzed using various information systems which are often disperse in different
divisions of a water utility. The activity of condition assessment is data intensive and uses a plethora
of information systems (Haider, 2007).

This paper highlights the importance of data and information systems’ management for the
urban water infrastructure condition assessment based on the authors’ experience obtained from
some Portuguese R&D projects. These projects aimed to develop a platform to assist small and
medium sized water utilities with low digitalization maturity level to integrate data from their
different existing information systems to assess the condition of their water distribution systems.
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TABLE 1 | Set of performance indicators to assess and prioritize WSS or DMA.

Designation Unit

Non-revenue water (%)

(%/year)

[#/(100 km. year)]
[m®/(km. year)]

Network Rehabilitation

Pipe failure

Real water losses in network

Real water losses in service connections [liters/(service connection. day)]

Energy efficiency of pumping installations [kWh/(m?®. 100 m)]

Energy in excess per unit of input volume (KWh/m?®)
Energy in excess per unit of the revenue (KWh/m?®)
water

Ratio of the total energy in excess )
Unmetered consumption (%)

Service connection failure [#/(1,000 service connections. year))

Treated water volume capacity (days)
Disruption caused by pipe failures [hour/(100 users. year)]

Disruption caused by service connection
failures

[hour/(100 users. year)]

Real water losses (%)

Infrastructure value index )

URBAN WATER INFRASTRUCTURE
CONDITION ASSESSMENT

Condition assessment may be defined as the identification of the
likelihood that an asset will continue to perform its required
function (AWWA, 2019) and is an essential part of any urban
water infrastructure asset management (IAM) process. Several
concepts and methodologies of IAM may be found in the
bibliography (BSI, 2008; Almeida and Cardoso, 2010; Ugarelli
et al, 2010; Alegre and Coelho, 2012; Matthews et al., 2012;
Osman, 2012; IAM, 2015; IPWEA and NAMS, 2015; Beuken
etal., 2020). According to the ISO 55000, asset management is the
coordinated activity carried by an organization to realize value
from its assets involving a balancing of costs, risks, opportunities,
and performance benefits (ISO, 2014). So, condition assessment
may involve risk, performance, and cost methodologies.

The most common risk management framework used are
in accordance with the reference standards AS/NZS 4360:2004
and ISO 31000:2018 (AS/NZS, 2004; ISO, 2018). Risk assessment
includes the processes of risk identification, risk analysis and
risk evaluation (ISO, 2009). A performance assessment system
is the set of data, calculations, performance metrics, and
contextual information that allow the evaluation and reporting
the performance of a single asset, a whole infrastructure, a service
provided or a utility (Alegre and Covas, 2010; Almeida and
Cardoso, 2010). The cost assessment aims at evaluating: (i) the
deterioration of an infrastructure and the quantification of the
investment needed for its rehabilitation; and (ii) the total cost for
comparison of different alternatives of rehabilitation actions.

In a Portuguese R&D project, five water utilities have defined a
set of 16 performance indicators (Table 1) aiming the assessment
and prioritization of water supply systems (WSS) or district
metering areas (DMA) for rehabilitation. These performance

indicators were regarded as of utmost importance and were
implemented in a platform allowing its calculation after the
integration of the required data (Carrigo et al., 2020).

The calculation of these performance indicators relies in a
deep knowledge of managed systems and its respective assets.
This knowledge is provided by data that is collected and stored
in different databases, generally spread in various departments or
divisions from the water utility. For instance, pipe failures may
come from a service work order register whilst real water losses in
network comes from a water balance calculation. Therefore, the
infrastructure asset manager has a hard task every time he needs
to assess their systems since data must be collected from different
stakeholders in a coordinated procedure (Carrico et al., 2020).

DATA REQUIREMENTS FOR CONDITION
ASSESSMENT

The basic data needed to assess urban water infrastructure asset’s
condition may be categorized into four main groups, namely:

i. Cadastral—detailed information of the system’s different
assets including identification, type, location, dimensions,
shape, material, among others.

ii. Functional and physical condition—studies about the
hydraulic behavior such as mathematical modeling and
hydraulic measurements, performance assessment reports
(assessment period, performance indicators used and targets
considered), among others.

iii. Operational and maintenance—including data on asset
maintenance activities (e.g., dates, locations), failure reports,
data complaints (e.g., low pressure), among others.

iv. Billing and account information—network related
maintenance and operational costs, energy and personnel
costs, amortizations and interest, revenues, among others.

Data collection thus is an activity that significantly consumes
human, technological, and financial resources. However,
important data is often neither collected nor recorded, or the
available data does not respond to the needs or does not fulfill
the requirements for the different stakeholders. In some cases,
water utility technicians are required to collect too much data,
which in result is simply not registered due to personnel lack of
time. For example, the authors have analyzed the service work
orders of a few Portuguese water utilities and found out that they
usually have c.a. 200 possible fields regarding each work order.
Nonetheless, most of these fields (i.e., around 90%) where simply
null as they were left blank. For that reason, the water utility
should firstly identify the necessary information requirements to
fulfill its objectives (in which one is asset’s condition assessment)
in order to rationalize the use of resources and maximize data
collection effectiveness.

These data are then stored and used in the water utility’s
activities using several IS namely, Geographic Information
System (GIS), Customer Relationship Management (CRM),
Costumer Information System (CIS), Enterprise Resource
Planning system (ERP), and Supervisory Control and Data
Acquisition System (SCADA), Computerized Maintenance
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FIGURE 1 | Data requirements and information fluxes for condition assessment.
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Management System (CMMS), Laboratory Information
Management System (LIMS), among others. Figure 1 depicts
a possible scheme for the data requirements and information
fluxes for condition assessment.

As the large amount of assets and data involved makes data
and information management a challenging task, new tools, and
processes are often needed to collect, gather, manage, analyse, and
use asset data. Creating and using these tools can stimulate and
improve knowledge within organization and decision making,
ultimately improving utilities’ information management (Alegre
et al., 2015).

DATA INTEGRATION AND
INTEROPERABILITY

The assessment of asset’s condition is carried by crossing data
and information from the different IS existing in the utility.
A way to put data and information together is by integration
and/or interoperability. Data integration refers to the connection
of different IS so that data from one system can be accessed
by another. As such, data integration usually involves a third
software called middleware that translates the data and makes it
readable for the receiving system. Data integration is important
to enable cross functional processes as well as provides quality
analysis of asset condition assessment. Interoperability refers to
the ability of an IS to connect and communicate with another
IS, even if they were created by different developers. When
systems are interoperable, they can not only share information,
but interpret the data received and present it in its original

form. Interoperability not only brings together various systems
but also contributes to functional and organizational integration
(Haider, 2013). Figure 2 exemplifies data interoperability and
integration in the context of condition assessment.

Water utilities with a greater digitalization maturity level
may have the required resources to develop their own data
integration/interoperability solutions. These solutions integrate
data gathered from different sources (i.e., sensors, GIS,
equipment automation signals, among others), as well as
results from hydraulic simulation models, aiming ultimately at
predictive models of network hydraulic behavior and decision
support tools (Vieira et al., 2020). Some water utilities choose to
integrate data through GIS driven solution, in which it is possible
to easily access data related to infrastructures, fleets, water
demands, billing, among others (Silva et al., 2017; Sousa et al.,
2017). Nonetheless, the use of these solutions is restricted to the
utility itself and most water utilities do not dispose the capacity
to develop their own solutions. Different commercial software
(e.g., Baseform, WaterSmart) claim to provide comprehensive,
actionable analytics to assist water utilities specific efficiency
issues and key business outcomes (Carrico et al., 2020). However,
the cost of such solutions is usually a barrier to many
water utilities.

DATA AND INFORMATION MANAGEMENT
BARRIERS AND RECOMMENDATIONS

The information management efficiency of water utilities
often falls short of desired results. This is particularly
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FIGURE 2 | Data integration and interoperability in the context of condition assessment.
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prominent in municipalities since management is usually
structured according to local government models. Due
to lack of technical capacity and human resources, it is
not usually possible to generate the critical information
through daily routines (e.g., well-planned, and organized
orders that can ensure wuseful, good-quality
information). The most frequent problems in information
management found by the authors in Portuguese water
utilities include:

service

. Great diversity of existing IS.

. Lack of IS integration and/or interoperability.

. Existence of several legacy systems that require updating
or replacement.

. Strong competition
management systems.

. Lack of strategic vision on the technological environment of
the water utility.

. Limited and irregular use by utility workers.

. Poor data quality, including lack of consistency, duplication,
and outdatedness.

. Lack of support and recognition from the management of the
water utility for the importance of information management.

. Limited resources to deploy, manage, or improve IS.

. Difficulty in altering workers’ processes and workflows.

. Lack of coordination or communication between the various
users of information within the utility.

between information

There are several practices and solutions that may reduce or limit
the listed problems, namely:

. Standardization of the data stored in the different IS in order
to make them compatible with each other.

. Improvement of the quality of the collected data by
periodically reviewing the data model, eliminating duplicated
data, and cleaning of the outdated data.

. Optimization of information processes and flows.

. Guarantee the protection and security of data using IS in
accordance with the General Data Protection Regulation
(GDPR) and other data protection regulations.

. Creation of a data recovery strategy, as it is common
to both make mistakes when entering data and to delete
data inadvertently.

FUTURE TRENDS

The fourth industrial revolution has brought more
sophisticated solutions to urban water infrastructure asset
management, namely:

. Internet of Things (IoT) allows water utilities to have smart
water metering that measure and monitor their networks
in real-time.

. Artificial intelligence (AI) solutions, that are changing the
water industry by leveraging the collected data to create more
effective and intelligent water management and operations.

. Augmented and virtual realities (AR/AV) by assisting
water utilities in their daily operations and management
activities also training by providing better ways of data and
information visualization.

. Digital twins, which make it possible to build what-if scenarios
and incur suitable outcomes throughout the asset’s lifecycle
allowing better planning and training activities.

However, these promising technologies are not ready-to-use
by the most water utilities, especially in those with lower
digitalization maturity level. Notwithstanding the fact that a
large sum of capital investment is needed to implement any
technology, these water utilities face some barriers that need
to be firstly solved. Such barriers often include the lack of
integration and interoperability of the existing IS, resistance of
the human resources to change their cultural mindset and work
habits, lack of infrastructure (e.g., access to wi-fi, power source),
cybersecurity, amongst others.

FINAL REMARKS

The large amount of assets and data involved coupled with
the lack of human and financial resources makes data and
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information management a challenging task for water utilities.
This challenge is greater in those utilities with a lower
digital maturity level. New tools and processes in information
systems are being developed, motivated by the growing need
to make water utilities more resilient and flexible, with greater
transparency and rationality in the decision-making process, as
well as to respond to challenges more quickly and efficiently. The
development and use of these tools can be a stimulative process
to water utilities, further improving the knowledge within the
organization and decision-making processes.

However, many small and medium size utilities worldwide
are yet resistant to progress to the digital era initiated by the
third industrial revolution, which in turn bring difficulties the
progress to the automation era initiated by the fourth industrial
revolution. These utilities should start to investigate the data they
collect and to rethink existing data models. These models should
be simplified and standardized between them in order to avoid
data duplication and to improve data quality.
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